Abstract Warm Absorbers (WAs), as an important form of AGN outflows, show absorption in both UV and X-ray band. Using XSTAR generated photoionization models, for the first 
resolution and accurate dynamic measurements, corresponds to a small number of atomic transitions. In contrast, the X-ray spectrum covers more transitions from ions at various ionization states, but is subject to lower resolution and observation precision (e.g., Kaspi et al. 2002) . Combination of High-resolution UV or X-ray spectroscopy brings more comprehensive WA studies (e.g., Costantini 2010) . Tens of joint UV-X-ray campaigns have provided much insight into the physical conditions of these absorbing outflows.
However, a broad understanding of these WAs in the two bands has yet to emerge. One important reason is that the ionization levels and kinematics of both the UV absorbers and X-ray WAs are measured through different methods, and frequently there is only partial overlap in the conditions of the two sets of absorbers (Crenshaw et al. 2003) . Zhang et al. (2015, hereafter as Z15) upgraded XSTAR 1 and provided a method to fit every physical components in UV spectra the same way used in fitting X-ray spectra. As a consequence, the observed spectra can be fitted simultaneously, providing better constrains on the properties of WAs based on the combined information from the UV and X-ray regimes.
Seyfert I galaxy NGC 3783 (∼41.6 Mpc, from NED 2 ) is a perfect target as it is very bright in the X-ray and UV bands, and exhibits strong absorption features detected with many instruments such as ROSAT, ASCA, Chandra, XMM-Newton, Suzaku, FUSE, HST/STIS, and HST/COS (e.g., Turner et al. Fig. 1 The COS spectrum of NGC 3783, where the data is in blue and the error bar is in cyan.
Emission lines are labeled with purple notes, and absorption lines from NGC 3783 and local ISM are with orange and black notes, respectively. The red curve shows the best-fit model of continuum and line emission.
resolution R ≡ λ/∆λ from 16000 to 21000. In fact, this NGC 3783 observation in 2013 consists of eight discrete shorter observations, four from G130M and four from G160M respectively, which are all primarily calibrated and processed through the pipeline CALCOS before being downloaded from Multi-mission
Archive for Space Telescopes (MAST 3 ). Flat-fielding, alignment, and co-addition of the processed exposures are carried out using IDL routines described in Danforth et al. (2010) . They are merged with exposure weighting, and the final spectrum has signal-to-noise (S/N) ratios per resolution element (0.07Å, or 17 km s −1 ) ranging from 15-25. Finally the COS flux spectrum is converted into the format commonly used in the X-ray studies through the IDL tool PINTOFALE 4 . A Pulse Height Amplitude (PHA) file is obtained, with the corresponding response (RSP) file that convolves G130M and G160M line spread functions (LSF). 
HETG Spectrum
As joint observations, Chandra observed NGC 3783 with HETG instrument twice within two days in March 2013, which have exposure time of about 60 ks (ID: 14991) and 100 ks (ID: 15626), respectively. The HETG consists of two sets of gratings: the Medium Energy Grating (MEG) which covering the wavelength range of 2.5-31Å and the High Energy Gratings (HEG) with the range of 1.2-15Å. Since NGC 3783 is heavily obscured by WAs especially in the longer wavelength band, only 2-11Å band is taken into account in this work. The two observations are not apparently contaminated by other sources in the field of view, but the zeroth order images are confronted with the pile-up issue. Therefore we run the ISIS script TG FINDZO 5 to calculate a more accurate position of this source and use the standard data reduction steps of Chandra
Interactive Analysis of Observations 6 (version 4.9) to get the spectra and corresponding response (RMF and ARF) files. For the spectral analysis, we only use the first order spectra for the better S/N ratio. Figure 2 is the combined MEG and HEG spectrum of NGC 3783. (Foster et al. 2012 ).
ANALYSIS AND MODEL PREPARATION
The photoionization code XSTAR (Version 2.2, Kallman 2001 ) is employed to model the emitting and absorbing plasma that are photoionized by the central AGN. In XSTAR models, the intrinsic free parameters are column density N H and the ionization parameter ξ = L ion /(nr 2 ), where L ion is the luminosity in the 1-1000 Ryd energy range, n is the hydrogen density, and r is the distance to the ionizing source. The metal abundances are generally set to solar values.
Local Absorption in Milky Way
The column density of Galactic gas absorption is about 10 21 cm −2 along the line of sight to NGC 3783 (Kalberla et al. 2005) , which is included in all the later analysis by employing the ISM absorption model TBnew 9 . Dust extinction can effectively reduce the UV radiation. We take this effect into consideration by using the extinction curve formula proposed by Gordon et al. (2009) , with parameter Cardelli et al. 1989) , and A(V ) = 0.332 in the case of NGC 3783.
Spectral Energy Distribution of NGC 3783
It is necessary to construct the spectral energy distribution (SED) of NGC 3783 for generating the photoionization models. The HETG and COS spectra are put into one plot ( Figure 3 ). The intrinsic UV continuum from the accretion disk can be corrected from the local absorption. The ionizing spectrum in X-ray band is obtained by fitting the continuum in the 2-6 keV band which is not severely affected by WAs. The local absorption is strong between the HETG and COS bands, as shown by the red line, thus no more data points are likely to be found in between. We use the typical AGN SED (Elvis et al. 1994 ) but scaled with wavelength (∝ λ −0.27 ) to match the intrinsic UV and X-ray continuum, in order to mimic the intrinsic SED of NGC 3783. The ionizing luminosity is then obtained as L ion = 7.6 × 10 43 erg s −1 .
Emission in NGC3783
The intrinsic radiation in NGC 3783 has different origins in the UV and X-ray bands. In the X-ray band, the continuum radiation mostly comes from the Comptonized corona at the inner region of the accretion disk.
We use a single power-law model to account for it.
The intrinsic UV radiation on the other hand generally comes from the accretion disk, board line region (BLR), and narrow line region (NLR). The multiple blackbody emission in the accretion disk can also be fitted empirically by a power-law model. The radiation from photoionized clouds in BLR and NLR however needs to be generated by XSTAR. and accretion disk radiation model after the Milky Way's gas absorption and dust extinction. The black dash-dotted line is the scaled average AGN SED (Elvis et al. 1994 ) that approaches the SED of ionizing source in NGC 3783.
As in Z15, we take the plausible assumption that the clouds in BLR have approximately virial speed, i.e. v ∝ GM/R, where M represents the black hole mass and R represents the distance to the center. In this case, in the BLR are several groups of clouds with different velocities. Each group is assumed having the same ionization condition and the same full width at half-maximum (FWHM) value, thus taken as one photoionization component. The clouds in the NLR have much smaller rotational velocity (<2000 km s −1 ), which are also described by one photoionization component.
To obtain the line-broading paramter b (FWHM = 2 √ ln2b) for generating those photoionization components in XSTAR, we fit strong emission lines with Gaussians. The best target for profile decomposition is the Lyα, N V doublet, and C IV doublet, which have high S/N ratio in the COS spectra. We fit the five lines jointly according to their rest wavelength relations, taking the strong and weak line flux ratio of the doublets as in an optically thin case 2:1. Three groups of Gaussians with FWHM values of ∼8100, 2500, and 600 km s −1 are needed ( 
Absorption in NGC3783
The HETG spectrum, which is grouped to 0.01Å per bin, reveals tens of absorption lines, mostly from k-shell transitions of H-like and He-like ions of O, Ne, Mg, Si, and S and L-shell transitions of Si and Fe (Figure 2 ). The L-shell Si lines are from lower ionized absorbing gas, while the two strong lines Si XIII at 6.7
A and Si XIV at 6.2Å suggest higher ionization. For the highly ionized WAs, we take the line-broadening parameter b = v 2 th + 2v 2 turb of 350 km s −1 estimated from the 900 ks HETG observations in 2001 (Kaspi et al. 2002) , which is larger than MEG spectral resolution of ∼170 km s −1 .
The outflow velocities of WAs can be better estimated from the N V and C IV doublet troughs in the COS spectrum. By fitting with Gaussians, we find dynamic components with velocities of 600, 880, and 1070 km s −1 (Table 1) Table 1 .
Based upon the lack of response of WAs to the changes of continuum, some lower distance limits are given (Netzer et al. 2003; Behar et al. 2003) . They may be located between the inner region of torus to the NLR (∼1-25 pc), as assumed in our model. While the WAs can easily cover the region of accretion disk, they usually do not cover the whole BLR that has a transverse size of 1.9 × 10 16 cm (Onken & Peterson 2002) . We use the XSPEC model 'partcov' to mimic this effect when fitting the COS spectrum.
At last, we generate XSTAR models for these WAs. The column density N H , the ionization parameter ξ, and the redshift z are the free parameters. The WA with velocity of 600 km s −1 is saturated in the N V and C IV absorption lines, which has been taken into account by XSTAR.
JOINT FITTING AND FIVE WARM ABSORBERS
The HETG and COS spectra are well fitted by these physical components. The photon indices of powerlaws in the X-ray and UV bands are Γ = 1.07 ± 0.02 and 2.43±0.04 respectively, as shown by the red line in Figure 3 . The XSTAR models for BLR and NLR can nicely reproduce the COS emission lines except for the Si IV line at 1416Å that needs an additional Gaussian component (Figure 1) . A Gaussian absorption model is used to account for the local broad Lyα absorption.
Totally five WAs are used to fit the absorption features in both the COS and HETG spectra (Figure 5 &   6 ). The parameters of the best-fit WAs are listed in Table 2 , and their synthetic spectral models in the two highly ionized, with the highest column density.
DISCUSSION

Comparison of WAs with Previous Studies
The WAs in NGC 3783 have been extensively studied in both the UV and X-ray bands even before the high-resolution grating observations (e.g., Turner et al. 1993; Shields & Hamann 1997) . Later on, based on the high resolution spectra, different photoionization models are applied to describe the WAs (as summa- on the STIS observations. The authors speculated a possible mechanism for this deceleration that there is a directional shift in the motion of the WA with respect to our line of sight to the background emission sources, and deduced an upper limit time scale of 17 years that the WA would move outside the BLR.
The non-detection of this WA in our work supports this scenario. Our WA 2 is not close to any previous identified one, though its properties are similar to WA 1. It may just move inside our line of sight in a short time. WA5 is likely at higher ionization state than previous detections, but still has similar column density.
Pressure Balance
Gonçalves et al. (2006), Holczer et al. (2007) , and Goosmann et al. (2016) constructed a continuous distribution of column density with ionization parameter, taking that all WAs are in pressure equilibrium. We thus generate the thermal photoionization equilibrium curve (Krolik et al. 1981 ; known as S-curve) in Figure 8 , but find not all five WAs are on the unstable vertical part which does not prefer the continuous distribution.
However, WA 3 & 4 are likely in pressure balance. They have similar velocities, column densities, and their covering factors are complemental. It is reasonable to believe that they are the same absorbing gas, while different parts have slightly different ionization state. WA 1 & 2 are dropping out from the pressure balance region. They have lower ionization parameters, lower column densities, lower covering factors, but higher velocities. They may be smaller discrete clouds that are easily blown out from the inner region of the torus at different periods.
Mass Outflow Rate
Bi-conical chimney is a natural geometry for WA outflows (Dorodnitsyn et al. 2008 ). We use the fol-
, where f (δ, φ) is a factor that depends on the particular orientation of the disk and the wind and, for all reasonable angles (δ > 20
• and φ > 45 • ) it is of the order of unity. v r is the line-of-sight outflow velocity.
According to the matching results in Section 5.1, the electron density of WA 4 is in the range of 1.2 × 10 2 -1.2 × 10 5 cm −3 as derived by Gabel et al. (2005) and Netzer et al. (2003) . Combining with the ionizing luminosity L ion = 7.6 × 10 43 erg s −1 and ξ obtained, we estimate that WA 4 is 0.7-22.0 pc away from the nucleus. After taking the covering fraction into account, the mass outflow rate from WA 4 is 0.018-0.56 Adopting those values as their thickness, the best-fit column densities of WA 1 and WA 2 indicate that their electron densities are about 8.34 × 10 3 and 3.18 × 10 3 cm −3 , respectively. The distances of 15.9 and 20.9
pc for WA 1 and WA 2 respectively can be derived. Their mass outflow rate are estimated following the same method as for WA 4, which are 0.010 and 0.005 M ⊙ per year. WA 5 is highly ionized and cannot be efficiently blowed away by the radiation pressure. Its distance to the black hole should be larger than the inner radius of torus that is about 1 pc and less than other WAs which gives an upper limit of 15.9 pc. Based on these constraints, the range of mass outflow rate of WA 5 is about 0.15-2.4 M ⊙ per year. At last, the cumulated mass outflow rate of the five WAs is in the range of 0.22-4.1 M ⊙ per year. We can see that WAs disappeared and new WAs appeared during the past decade, so the mass outflow rate is statistical.
SUMMARY
The bright Seyfert I galaxy NGC 3783 was observed by Chandra/HETG and HST/COS simultaneously in March 2013. We perform a joint fit on these two band spectra to constrain the properties of WAs.
-We joint fit the two band spectra of NGC 3783 by considering the physical components of the local gas absorption, local dust extinction, AGN Comptonized corona emission, accretion disk black body emission, BLR emission, NLR emission, and the intrinsic WAs. Finally five WAs can explain well all absorption lines in both the UV and X-ray band spectra.
-The five WAs do not stay together at the pressure balance part of the S-curve. Two WAs are likely different parts of the same absorbing gas. While the other two WAs may be smaller discrete clouds that are blown out from the inner region of the torus at different periods. The highest ionized WA has highest column density, which infers some tenuous but highly volume-occupied gas.
-The total mass outflow rate of the five WAs is in the range of 0.22-4.1 M ⊙ per year.
